Interaction of fluorescent 3'-[1,5-(dimethylamino)naphthoyl]adenine nucleotides with the solubilized ADP/ATP carrier.
The binding of the 3'-[1,5-(dimethylamino)naphthoyl] (DAN) derivatives of AMP, ADP, and ATP to the solubilized ADP/ATP carrier is studied, evaluating primarily the fluorescence enhancement and 3H-labeled compound binding. DAN nucleotides also fluoresce when adsorbed to Triton X-100 micelles that are used for solubilization of the carrier. The partition of DAN-AMP between water and Triton X-100 micelles is measured, and it is shown to be shifted toward a higher content in Triton micelles with increasing salt concentration. In order to maintain a low level of fluorescence, the Triton content is decreased. The fraction of DAN nucleotide fluorescence due to carrier binding is determined by the suppression with bongkrekate (BKA). In contrast to the membrane-bound carrier, the solubilized preparation shows an increase of total BKA-sensitive fluorescence by 30-60% upon addition of ATP or ADP. In the solubilized atractylate-protein complex, the ADP-stimulated fluorescence amounts even to 80%. The suppression of fluorescence by BKA is independent of the presence of ADP or ATP, while that by carboxyatractylate (CAT) depends on ADP or ATP. The quantitation with [3H]BKA and [3H]CAT of these ligand interactions with DAN-AMP fluorescence shows that DAN-AMP fluorescence reflects the "m"-state carrier population and its redistribution under the influence of ADP or ATP. Thus, besides the "c"/"m" distribution, the kinetics of the c to m transition in the solubilized carrier also can be determined. The m share is increased to 80% when SO4, Pi, or pyrophosphate is present during solubilization. The rate of the ADP- or ATP-stimulated transition to the m state is markedly dependent on pH and on the presence of various anions, whereas the extent is little varied. The affinity decreases 4-fold going from DAN-AMP to DAN-ADP and to DAN-ATP (KD = 0.9, 1.6, and 3.2 microM). Comparison with physical binding of [3H]DAN nucleotides shows that the fluorescence yield of bound DAN-AMP is about 1.4 times higher than that of bound DAN-ATP. DAN substitution causes more than a 100-fold affinity increase for AMP and a 50-fold increase for ADP or ATP, probably because of interaction of the DAN group with a hydrophobic niche. A less specific, low-affinity displacement of DAN nucleotides by GDP, ADP, GTP and ATP (Ki = 1-2 mM) probably reflects primarily the ionic interactions at the binding center.